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Prethodno priopćenje 
)RUJUHDWHUVSDQVDQGGRPLQDQWEHQGLQJVWUHVVLQPDMRUSODQHFDVWHOODWHGEHDPVDUHYHU\UDWLRQDOVWUXFWXUDOVROXWLRQ7KHVHEHDPVKDYHUHODWLYHO\
KLJKVOHQGHUQHVVDQGVLJQLILFDQWZHERSHQLQJV7KLVSDSHUGHVFULEHVWKHUHVHDUFKLQWRWKHVWDELOLW\RIWKHFDVWHOODWHGEHDPVFRQVLGHULQJUHVLVWDQFH
WRODWHUDOEXFNOLQJIRUZKLFKQHZUHJXODWLRQ(XURFRGHVXJJHVWVVLPSOLILHGYHULILFDWLRQRIWKHUHVLVWDQFHWRODWHUDOEXFNOLQJ9DULRXVVSDQVRI
WKHURRIFDVWHOODWHGEHDPVZLWK,3(DQG+($FURVVVHFWLRQVDUHFRQVLGHUHG')(0PRGHOVRIWKHVHEHDPVDUHPDGHDQGWKHUHVLVWDQFHRIWKH
ODWHUDOEXFNOLQJLVFDOFXODWHGDFFRUGLQJWRWKHPHWKRGSURSRVHGLQ(XURFRGHDQGWKHILQLWHHOHPHQWPHWKRG)(05HVXOWVRIWKHUHVHDUFKLQGL
FDWHWKDWWKHVXJJHVWHGPHWKRGRIWKHYHULILFDWLRQRIODWHUDOEXFNOLQJIRUFDVWHOODWHGEHDPVJLYHVJRRGHVWLPDWHVRIWKHLUUHVLVWDQFHEHFDXVHFRP
SDULVRQVRIWKHJLYHQYDOXHVLQGLFDWHWKDWGLIIHUHQFHVLQUHVLVWDQFHWRODWHUDOEXFNOLQJGLGQRWH[FHHGIRUDOODQDO\]HGEHDPV
.H\ZRUGV')(0PRGHOVRIFDVWHOODWHGEHDPVFDVWHOODWHGEHDPVODWHUDOEXFNOLQJLQIOXHQFHRIWKHZHERSHQLQJV
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Preliminary note 
6DüDVWLQRVDþLVXYUORUDFLRQDOQRNRQVWUXNFLMVNRUMHãHQMHNRGQRVDþDYHüLKUDVSRQDLGRPLQDQWQRJQDSUH]DQMDVDYLMDQMHPXUDYQLQLQRVDþDDND
UDNWHUL]LUDQLVXUHODWLYQRYHOLNRPYLWNRãüXL]QDþDMQRPSURãXSOMHQRãüXKUSWD8UDGXVXRSLVDQDLVWUDåLYDQMDVWDELOQRVWLVDüDVWLKQRVDþDL]DVSHNWD
RWSRUQRVWLQDERþQRL]YLMDQMH]DNRMHVHXQRYLPSURSLVLPD(XURNRGSUHGODåHSRMHGQRVWDYOMHQLGRND]RWSRUQRVWLQDERþQRL]YLMDQMH5D]PDWUD
QLVXNURYQLVDüDVWLQRVDþLUD]OLþLWLKUDVSRQDV,3(L+($SRSUHþQLPSUHVMHFLPD3RWRPVXL]UDÿHQL'PRGHOLLVWLKQRVDþDWHMHRWSRUQRVWQDER
þQRL]YLMDQMHL]UDþXQDWDSUHGORåHQRPPHWRGRPX(XURNRGXWHPHWRGRPNRQDþQLKHOHPHQDWD0.(5H]XOWDWLLVWUDåLYDQMDSRND]XMXGDVHSUH
GORåHQRPPHWRGRPSURYMHUHERþQRJL]YLMDQMDVDüDVWLKQRVDþDGREURSURFMHQMXMHQMLKRYDRWSRUQRVWEXGXüLGDXVSRUHGEDGRELYHQLKYULMHGQRVWL
SRND]XMHGDUD]OLNHXRWSRUQRVWLPDQDERþQRL]YLMDQMHQLVXSUHOD]LOH]DVOXþDMSURPDWUDQLKQRVDþD
.OMXþQHULMHþL'0.(PRGHOLVDüDVWLKQRVDþDVDüDVWLQRVDþLERþQRL]YLMDQMHXWMHFDMSURãXSOMHQRVWLKUSWD
 
1 
Introduction 
Uvod
&DVWHOODWHG EHDPV DUHPDGH RI UROOHG RUZHOGHG ,
VHFWLRQV E\ FXWWLQJ WKH ZHE $IWHU FXWWLQJ RQH RI WKH
KDOYHVLVWUDQVODWHGDQGZHOGHGIRUWKHRWKHUKDOI7KDW
SURYLGHV WKH EHDP ZKLFK KDV JUHDWHU KHLJKW WKDQ WKH
RULJLQDO EHDPZLWK WKHRSHQLQJV LQ WKHZHE6KDSHRI
WKHRSHQLQJVGHSHQGVRQFXWWLQJSDWWHUQDQGWKHUHVXOW
LV D EHDPZLWK LQFUHDVHG EHQGLQJ UHVLVWDQFH LQPDMRU
SODQH ,W LV SRVVLEOH WR FUHDWH D WDSHUHG FDVWHOODWHG
EHDPZKLFKJLYHVEHWWHUHIILFLHQF\HVSHFLDOO\ LQFDVH
RIJUHDWHUVSDQV
,QWURGXFWLRQ RI FDVWHOODWHG EHDPV LV FORVHO\ FRQ
QHFWHG ZLWK WKH GHYHORSPHQW RI HOHFWULFDO ZHOGLQJ
WHFKQRORJ\ LQ VWHHO FRQVWUXFWLRQ 7KH HDUOLHVW NQRZQ
FDVWHOODWHG EHDPVZHUH GHVLJQHG DQGPDQXIDFWXUHG LQ
WKH HDUO\ 
V E\ WKH 6NRGD IDFWRULHV LQ 3LOVQHU
&]HFK5HSXEOLF DV URRI EHDPVZLWK IUHH VSDQ RI 
PHWHUV 7KH LQLWLDO LPSHWXV IRU WKH HODVWLF FDOFXODWLRQ
PHWKRG ZDV JLYHQ E\ )UDQWLãHN )DOWXV  LQ WKH
IRUPHU &]HFKRVORYDNLD DQG WKH SODVWLF FDOFXODWLRQ
PHWKRGZDVLQWURGXFHGLQWKHHDUO\
V
%HFDXVH RI WKH JUHDWHU KHLJKW RI WKH FDVWHOODWHG
EHDPV FRPSDUHG WR RULJLQDO EHDPV IURP ZKLFK WKH\
KDYHEHHQPDGHWKHVHEHDPVKDYHJUHDWHUEHQGLQJUH
VLVWDQFHDQGWKHRSHQLQJVLQWKHZHEVLPSOLI\WKHZRUN
RI WKH LQVWDOOHU DQG WKH HOHFWULFLDQ VLQFH WDNLQJ SLSHV
DFURVVEHDPVSUHVHQWVQRSUREOHP'LVDGYDQWDJHVRI
 WKHFDVWHOODWHGEHDPVDUH OHVV ILUH UHVLVWDQFHFRPSDUHG
WRWKHSODWHJLUGHUVDQGWKHQHHGRIUHLQIRUFHPHQWZKHQ
D EHDP LV VXEMHFWHG WR WKH VXEVWDQWLDO FRQFHQWUDWHG
ORDGV RU ZKHQ WKH\ DUH XVHG DV D FRQWLQXRXV EHDP
DFURVVVHYHUDOVXSSRUWV
:HERSHQLQJVPD\EHFLUFXODURUSRO\JRQDOUHJX
ODU RU LUUHJXODU )LJXUH  DQG (XURFRGH >@ JLYHV
JHRPHWULFDO UHIHUHQFHV IRU WKHLU GLPHQVLRQV DQG ORFD
WLRQ

ZGK ⋅≤  IRUSRO\JRQDOZHERSHQLQJV
ZGK ⋅≤  IRUFLUFXODUZHERSHQLQJV
ZGGG ⋅≥=  
 KD ≤ 
ZE = 
  DZD ⋅≤≤⋅ 

)RUFDVWHOODWHGEHDPV WKHIROORZLQJPRGHVRIIDLO
XUHVKRXOGEHFKHFNHG
• VKHDUIDLOXUHRISHUIRUDWHGFURVVVHFWLRQ
• IOH[XUDOIDLOXUHRISHUIRUDWHGFURVVVHFWLRQ
• 9LHUHQGHHOPHFKDQLVPDURXQGZHERSHQLQJV
• \LHOGLQJRUEXFNOLQJIDLOXUHGXHWRWKHPRPHQWVLQ
WKHZHESRVWV
• VKHDUIDLOXUHRIZHESRVWRUZHESRVWZHOG
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
)LJXUH&DVWHOODWHGEHDPV
6OLND6DüDVWLQRVDþL
 

)LJXUH7\SHVRIWKHZHERSHQLQJV
6OLND9UVWHRWYRUDXKUSWX
 
 
(XURFRGH  >@ JLYHV GHWDLOHG H[SUHVVLRQV IRU
DQDO\VLV RI WKH FDVWHOODWHG EHDPV DFFRUGLQJ WR WKH
PRGHV RI IDLOXUH PHQWLRQHG EHIRUH ,W VKRXOG EH HP
SKDVL]HG WKDW LW LV QHFHVVDU\ WR GLVWLQJXLVK SULPDU\
PRPHQW RQ FDVWHOODWHG EHDPV ZKLFK LV WKH FRQYHQ
WLRQDOEHQGLQJPRPHQWRQWKHEHDPFURVVVHFWLRQDQG
VHFRQGDU\PRPHQW DOVRNQRZQDV WKH9LHUHQGHHOPR
PHQW ZKLFK UHVXOWV IURP WKH DFWLRQ RI VKHDU IRUFH LQ
WKHWHHVHFWLRQVRYHUWKHKRUL]RQWDOOHQJWKRIWKHRSHQ
LQJ7KHUHIRUH WKHFRQFHSWRI9LHUHQGHHOEHDPSURYHG
WREHDJRRGPRGHOIRUWKHFDOFXODWLRQRILQWHUQDOIRUFHV
RIWKHFDVWHOODWHGEHDPV
7KHUHDUHDOVRVSHFLDOUHTXHVWVUHJDUGLQJWKHFODVVL
ILFDWLRQ RI FURVVVHFWLRQV IRU WKH XQSHUIRUDWHG FURVV
VHFWLRQ RI WKH EHDP UHPRWH IURP WKH ZHE RSHQLQJV
&ODVVRU&ODVVDUHUHTXLUHGIRUIODQJHVDQGD&ODVV
RUIRUWKHZHE8QSHUIRUDWHGFURVVVHFWLRQVZLWK
D&ODVV ZHE DQG&ODVV RU&ODVV  IODQJHVPD\EH
WUHDWHGDVHIIHFWLYH&ODVVFURVVVHFWLRQZLWKDQHIIHF
WLYH ZHE 7KH SRUWLRQ RI WKH ZHE LQ FRPSUHVVLRQ
VKRXOGEH UHSODFHGE\DQHOHPHQWRIİWZDGMDFHQW WR
WKHFRPSUHVVLRQ IODQJHZLWKDQRWKHUHOHPHQWRIİWZ
DGMDFHQW WR WKH SODVWLF QHXWUDO D[LV RI WKH HIIHFWLYH
FURVVVHFWLRQ
 %HFDXVH WKH PDJQLWXGHV RI WKH UHTXLUHG SODVWLF
KLQJH URWDWLRQV IRU WKH GHYHORSPHQW RI WKH9LHUHQGHHO
PHFKDQLVP DUH VPDOO LW PD\ EH DVVXPHG WR EH VXIIL
FLHQWIRUXQVWLIIHQHGZHEVRIWHHVDERYHDQGEHORZZHE
RSHQLQJV WREH&ODVVRU:HEVRIVWLIIHQHG WHHV
VKRXOG DOVR EH &ODVV   RU  DIWHU VWLIIHQLQJ 5HLQ
IRUFHPHQW RI WKH VWLIIHQHUV IRUPLQJ SDUW RI WKH FURVV
VHFWLRQRI VWLIIHQHG WHHV VKRXOGEH&ODVV RU&ODVV
7KHSRUWLRQVRIWKHZHEIRUPLQJWKHVWHDPVRIXQVWLII
HQHG WHHV DERYH DQG EHORZ XQVWLIIHQHG ZHE RSHQLQJV
PD\EHFODVVLILHGDOORZLQJIRUWKHUHVWUDLQWRIWKHDGMD
FHQWSRUWLRQVRIWKHZHEDVIROORZV
IRU&ODVV
ZWO ε ≤ RU 
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ZKHUH
EZF  LV WKH WHH VWHDP RXWVWDQG EZ RUEZ LQGLFDWHG LQ
ILJXUH
OLVWKHOHQJWKGHILQHGLQILJXUH
 7KLV SDSHU LQYHVWLJDWHV WKH SRVVLELOLW\ RI VWDELOLW\
ORVV GXH WR ODWHUDO EXFNOLQJ RI FDVWHOODWHG EHDPV EH
FDXVH WKH\ DUH UHODWLYHO\ VOHQGHU DQG WKH\ KDYH ZHE
RSHQLQJVZKLFKKDYHDQLQIOXHQFHRQWKHLUUHVLVWDQFH
 
 
)LJXUH/HQJWKO
6OLND'XOMLQDO
 
 
2 
Formulation of research objective  
Formulacija cilja istraživanja
/DWHUDOEXFNOLQJLVWKHSUREOHPRIVWDELOLW\ORVVDQG
EHDULQJ FDSDFLW\ IDLOXUH EHIRUH SODVWLILFDWLRQ RI FURVV
VHFWLRQ %HDPV SULPDULO\ FRQVWUXFWHG IRU WDNLQJ IRUFHV
LQWKHLUPDMRUSODQHDUHVHQVLWLYHWRODWHUDOEXFNOLQJXQ
WLO WKH\ KDYH VPDOOHU EHQGLQJ VWLIIQHVV DURXQG PLQRU
D[LV,DQG8FURVVVHFWLRQV
(ODVWLFFULWLFDOPRPHQW IRU ODWHUDOEXFNOLQJ0FUDF
FRUGLQJ WR HODVWLF WKHRU\ UHSUHVHQWV PLQLPXPPRPHQW
ZKLFK FDXVHV ODWHUDO EXFNOLQJ DQG DFFRUGLQJ WR >@ IRU
ELD[LDO V\PPHWULFDO FURVVVHFWLRQ FDQ EH FDOFXODWHG
IURPWKHIROORZLQJH[SUHVVLRQ

( )
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
ZKHUH
&&FRHIILFLHQWVGHSHQGLQJRQWKHORDGLQJDQGHQG
UHVWUDLQWFRQGLWLRQV
IDFWRUNUHIHUVWRHQGURWDWLRQRQSODQ
IDFWRUNZUHIHUVWRHQGZDUSLQJ
,]LVWKHVHFRQGPRPHQWRIDUHD
,ZLVWKHZDUSLQJFRQVWDQW
,WLVWKHWRUVLRQFRQVWDQW
*LVWKHVKHDUPRGXOXV
]JLVWKHGLVWDQFHEHWZHHQWKHSRLQWRIORDGDSSOLFDWLRQ
DQGWKHVKHDUFHQWHU

5HVXOWVRI WKHH[SUHVVLRQ DUHYHU\VHQVLWLYHIRU
WKHIDFWRUVNDQGNZZKRVHJHRPHWULFDOLQWHUSUHWDWLRQLV
VKRZQLQ)LJXUH

)LJXUH3ODQYLHZLOOXVWUDWLQJLGHDOLVHGHQGUHVWUDLQWV
6OLND*UDILþNDLQWHUSUHWDFLMDIDNWRUDNLNZ

/DWHUDO EXFNOLQJ UHVLVWDQFH 0E5G PXVW EH ELJJHU
WKDQFDOFXODWHGEHQGLQJPRPHQW0\(GLVJLYHQE\PXO
WLSO\LQJUHGXFWLRQIDFWRU /7χ ZLWKFURVVVHFWLRQEHQG
LQJUHVLVWDQFH



0
\\
/75GE
I:0
γ
χ
⋅
⋅= 

5HGXFWLRQ IDFWRU IRU ODWHUDO EXFNOLQJ /7χ  FDQ EH
GHWHUPLQHGDFFRUGLQJWRH[SUHVVLRQ



/7/7/7
/7 ĭĭ λ
χ
−+
= EXW ≤/7χ 

ZKHUH
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\\
/7 0
I: ⋅
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( )[ ] /7/7/7/7ĭ λλα +−+⋅= 

/7α   LPSHUIHFWLRQ IDFWRU FRUUHVSRQGLQJ WR WKH
DSSURSULDWH EXFNOLQJ FXUYHZKLFKGHSHQGVRQ WKH W\SH
DQG JHRPHWULFDO FKDUDFWHULVWLFV RI FURVVVHFWLRQ :\
GHSHQGVRQWKHFODVVRIFURVVVHFWLRQ
%HFDXVH RI WKH UHODWLYHO\ KLJK VOHQGHUQHVV
FDVWHOODWHG EHDPV DSSOLHG RQ JUHDWHU VSDQV DQG
VLJQLILFDQW ZHE RSHQLQJV HYHQ WR  LQ UHODWLRQ WR
WKHIXOOZHEFDQEHFRQVLGHUHGDVWKHEHDPVVHQVLWLYH
WR ODWHUDO EXFNOLQJ $FFRUGLQJ WR >@ WKH ODWHUDO
WRUVLRQDO EXFNOLQJ UHVLVWDQFH VKRXOG EH FKHFNHG XVLQJ
WKHFURVVVHFWLRQDOSURSHUWLHVUHOHYDQWWRWKHPLGOHQJWK
RIRSHQLQJVLHQHWWRFURVVVHFWLRQLQWKHPLGGOHRIWKH
RSHQLQJZKHUH WKH VPDOOHVW JHRPHWULFDO FKDUDFWHULVWLFV
VKRXOG EH WDNHQ LQWR ODWHUDO EXFNOLQJ UHVLVWDQFH
FKHFNLQJ ,W PHDQV WKDW YDOLGDWLRQ RI ODWHUDO EXFNOLQJ
UHVLVWDQFH LV WKH VDPH IRU FDVWHOODWHG EHDPV DQG
VWDQGDUG SODWH JLUGHUV EXW ZLWK UHGXFWLRQ RI
JHRPHWULFDO FKDUDFWHULVWLFV FDVWHOODWHG EHDP FURVV
VHFWLRQ
6RWKHUHVHDUFKREMHFWLYHLVHVWLPDWLRQRIDFFXUDF\
IRU WKLV VLPSOLILHG DSSURDFK WR ODWHUDO EXFNOLQJ
UHVLVWDQFH RI FDVWHOODWHG EHDPV EHFDXVH WKDW LV VWLOO D
VWDELOLW\ SUREOHP RI WKH EHDP ZKLFK GRHVQ
W KDYH D
XQLIRUP FURVVVHFWLRQDO SURSHUWLHV DORQJ WKH ZKROH
OHQJWK

3 
Methods of problem research 
Metode istraživanja problema
)URP WKH UHVHDUFKREMHFWLYH LWDULVHV WKDW LW LVQHF
HVVDU\ WR GHWHUPLQH WKH LQIOXHQFH RI UHGXFLQJ ODWHUDO
EXFNOLQJ UHVLVWDQFHRI FDVWHOODWHGEHDPVE\ZHERSHQ
LQJVLQUHODWLRQWRSODWHJLUGHUVZLWKWKHVDPHJHRPHWUL
FDO GLPHQVLRQV VDPH KHLJKW ZLGWK DQG WKLFNQHVV RI
IODQJHDQGZHE WKLFNQHVV7DNLQJ WKLVLQWRFRQVLGHUD
WLRQFDOFXODWLRQVZHUHSHUIRUPHGIRUWKHHODVWLFFULWLFDO
PRPHQW IRU ODWHUDO EXFNOLQJ DFFRUGLQJ WR >@  (&FU0 
DQG DSSO\LQJ ILQLWH HOHPHQWPHWKRG XVLQJ OLQHDU EXFN
OLQJDQDO\VLV )(0FU0 
*HQHUDOO\ OLQHDU EXFNOLQJ DQDO\VLV VWDUWV ZLWK WKH
HTXLOLEULXP HTXDWLRQ IRU WKH HOHPHQW VXEMHFWHG WR D
FRQVWDQWIRUFH

[ ]{ } { }=. X 3 

ZKHUH
[ ]. VWLIIQHVVPDWUL[
{ }X GLVSODFHPHQWYHFWRU
{ }3 DSSOLHGORDGYHFWRU

,QRUGHUWRLQFOXGHWKHGLIIHUHQWLDOVWLIIQHVVHIIHFWV
WKHGLIIHUHQWLDOVWLIIQHVVPDWUL[>.'@LVLQWURGXFHGDQG
 WKLV PDWUL[ IRU D W\SLFDO HOHPHQW LV D IXQFWLRQ RI WKH
VWDWHRIVWUHVVLQWKHHOHPHQW
+HQFH E\ LQWURGXFLQJ NFU DV DQ DUELWUDU\ VFDODU
PXOWLSOLHU IRU DQRWKHU LQWHQVLW\ RI ORDG WKH
HTXLOLEULXPHTXDWLRQEHFRPHV

[ ] [ ]( ) { } { }+ =FU ' FU. N . X N 3 

ZKHUH { }X  LV WKHPRGLILHGGLVSODFHPHQWYHFWRUUHVXOW
LQJIURPGLVSODFHPHQWVXQGHUWKHLQWHQVLW\RIORDGDQG
IURPGLIIHUHQWLDOVWLIIQHVVHIIHFWV
%\SHUWXUELQJ WKH VWUXFWXUH VOLJKWO\ DW DYDULHW\RI
ORDG LQWHQVLWLHV WKH LQWHQVLW\ IDFWRU NFU WR FUHDWH
XQVWDEOH HTXLOLEULXP FRQGLWLRQV ZLOO EH WKH IDFWRU WR
FDXVHEXFNOLQJ

[ ] [ ]( ) { } + =FU '. N . X 

7KLVUHTXLUHVWKHVROXWLRQRIDQHLJHQYDOXHSUREOHP

[ ] { } ϕ− =FU '. N . 

7KH VROXWLRQ LV QRQWULYLDO NFU GLIIHUHQW IURP 
RQO\IRUVSHFLILFYDOXHVRINFUWKDWZRXOGPDNHWKHPD
WUL[[ ]− FU '. N . VLQJXODU
7KHSURGXFWRIWKHILUVWORDGLQWHQVLW\IDFWRURUWKH
ILUVWHLJHQYDOXHNFUZLWKWKHDSSOLHGORDGZRXOGJLYHWKH
ILUVWEXFNOLQJORDGRIWKHPRGHODQGWKHHLJHQYHFWRUĳ
WKHEXFNOHGVKDSH
7KH GHVFULEHG PHWKRG DSSOLHG IRU HODVWLF OLQHDU
EXFNOLQJ DQDO\VLV WR GHWHUPLQH D FULWLFDO ORDG LQWHQVLW\
IDFWRU NFU LQ WKLV SDSHU LV SHUIRUPHG XVLQJ VRIWZDUH
SDFNDJH5RERW0LOOHQQLXP6ROLQHDUEXFNOLQJDQDO\VLV
UHVXOWV DUH FULWLFDO LQWHQVLW\ IDFWRUV NFU IRU HDFK VKDSH
PRGHRIEXFNOLQJ
7KHSURGXFWRIFDOFXODWHGORDGLQWHQVLW\IDFWRUDQG
WKHORDGZKLFKWKHPRGHOLVVXEMHFWHGWRJLYHVFULWLFDO
ORDGZKLFK OHDGV WRVWDELOLW\ ORVV RUEXFNOLQJ:KHQ
D FULWLFDO ORDG LV NQRZQ LW LV QRW GLIILFXOW WR FDOFXODWH
WKH YDOXH RI FULWLFDO EHQGLQJ PRPHQW ,W GHSHQGV RQ
VWDWLF V\VWHP RI WKH DQDO\]HG VWUXFWXUDO HOHPHQW W\SH
DQGGLVWULEXWLRQRIORDG
7KLV SDSHU DQDO\]HV VLPSO\ VXSSRUWHG EHDPVZLWK
YDULRXV VSDQV VXEMHFWHG WR XQLIRUP ORDG DQG FULWLFDO
EHQGLQJPRPHQWVFDQEHFDOFXODWHGXVLQJWKHIROORZLQJ
H[SUHVVLRQ



⋅
=
)(0
FU FU
T /0 N 

ZKHUH
NFUFULWLFDOORDGLQWHQVLW\IDFWRU
TXQLIRUPORDG
/VSDQRIFDVWHOODWHGEHDP
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)RU WKLV UHVHDUFK WZRJURXSVRI UROOHGSURILOHVDUH
FKRVHQ  ,3(DQG+($FRQVLGHULQJGLIIHUHQWJHRPHW
ULFDO FKDUDFWHULVWLFVRIFURVVVHFWLRQ ,W LV DVVXPHG WKDW
FDVWHOODWHGEHDPVZLOOEHXVHG OLNHURRIEHDPVVR WKH\
DUHGHVLJQHGWDNLQJLQWRDFFRXQWWKHORDGVRIURRIFRYHU
VDQGZLFKSDQHODQGVQRZ
'LVWDQFH EHWZHHQ WKH EHDPVPDGH RI ,3(SURILOHV
LVPDQGWKRVHPDGHRI+($SURILOHVLVP
$QDO\VLV LV SHUIRUPHG RQ FDVWHOODWHG EHDPV ZKRVH
KHLJKW LVKLJKHU WKDQ WKHRULJLQDO ,3(DQG+($
SURILOHV 6SDQV DQG FKRVHQ FURVVVHFWLRQV RI WKH DQD
O\]HGEHDPVDUHVKRZQLQ7DEOH

7DEOH&DVWHOODWHGEHDPV
7DEOLFD6DüDVWLQRVDþL
CROSS 
SECTION 
Original 
profile 
height 
Height of 
castellated 
beam 
Span 
of 
beam 
Distance 
between 
beams 
Width 
(a0) and 
height 
(h0) of 
opening 
Distance 
of 
openings 
(w) 
 mm m mm 
IPE 240 240 360 8,0 2,20 253,5 126,75 
IPE 300 300 450 10,0 2,20 317,0 158,5 
IPE 360 360 540 12,0 2,20 380,0 190,0 
HE 220A 210 315 8,0 2,50 213,0 106,5 
HE 260A 250 375 10,0 2,50 246,0 123,0 
HE 300A 290 435 12,0 2,50 296,0 148,0 

$OOEHDPVDUH VXEMHFWHG WRXQLIRUPORDGRQZKROH
OHQJWK DQG WKH ORDG LV ORFDWHG RQ WRS FRPSUHVVHG
IODQJH (DFK RI WKHVH VL[ PRGHOV LV DQDO\]HG IRU WKH
WKUHH GLIIHUHQW FDVHV RI ODWHUDO VXSSRUWLQJ LH IRU WKH
FDVHV
 N DQGNZ 
 N DQGNZ 
 • N DQGNZ 

7RWDO RI  'PRGHOV DUH FUHDWHG LQ5RERW0LO
OHQQLXP XVLQJ ILQLWH HOHPHQWV W\SH 6+(// 2QO\ KDOI
RIEHDPZDVPRGHOHGDQGRQRQHHQGZHUHXVHGV\P
PHWU\ERXQGDU\FRQGLWLRQV DQGRQ WKHRWKHUHQGZHUH
ERXQGDU\ FRQGLWLRQV RI WKH FDVH ZKLFK ZH ZDQW WR
PRGHO
,WZDVQHHGHGWRSD\VSHFLDODWWHQWLRQWRERXQGDU\
FRQGLWLRQVPRGHOLQJ IRU GLIIHUHQW FDVHV RI ODWHUDO VXS
SRUWLQJEHFDXVHPRGHOVDUHYHU\VHQVLWLYHWRWKLVSURE
OHP (YHQ UHODWLYHO\ VPDOO FRUUHFWLRQV RI ERXQGDU\
FRQGLWLRQV FDQ JLYH VLJQLILFDQW GLIIHUHQFHV LQ FDOFXOD
WLRQ UHVXOWV 3ODWH JLUGHUV ZHUH PRGHOHG DV FRQWURO
PRGHOVZLWKWKHVDPHJHRPHWULFDOGLPHQVLRQVDVDQD
O\]HGFDVWHOODWHGEHDPV)RU WKHVHEHDPV LWZDVSRVVL
EOHWRDSSO\FRQYHQWLRQDOPDQXDOODWHUDOEXFNOLQJUH
VLVWDQFHYHULILFDWLRQDFFRUGLQJWR>@,WLVLPSRUWDQWWR
DFFHQWXDWH WKDW EXFNOLQJ OHQJWK RI DQDO\]HG EHDPV LQ
ORDGSODQHLVHTXDOWREHDPOHQJWKEXWODWHUDOEXFNOLQJ
OHQJWKRXWRIORDGSODQHGHSHQGVRQIDFWRUN

4 
Calculation results 
Rezultati proračuna
,Q )LJXUHV   DQG  DUH VKRZQ ERXQGDU\ FRQGL
WLRQVRIPRGHOVDQGEXFNOLQJVKDSHVIRUDOOWKUHHFDVHV
RI ODWHUDO VXSSRUWLQJZKLFKZHUH DQDO\]HG ,Q7DEOH
DUH VKRZQ UHVXOWVRISHUIRUPHG UHVHDUFK HODVWLFFULWL
FDOPRPHQWVRI ODWHUDOEXFNOLQJXVLQJH[SUHVVLRQ
 )(0FU0 DQGDFFRUGLQJWR>@ &FU0 H[SUHVVLRQ
 
 

)LJXUH%RXQGDU\FRQGLWLRQVDQGEXFNOLQJVKDSHIRUFDVHN DQGNZ 
6OLND5XEQLXYMHWLLREOLNL]YLMDQMD]DVOXþDMN LNZ 
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
)LJXUH%RXQGDU\FRQGLWLRQVDQGEXFNOLQJVKDSHIRUFDVHN DQGNZ 
6OLND5XEQLXYMHWLLREOLNL]YLMDQMD]DVOXþDMN LNZ 
 

)LJXUH%RXQGDU\FRQGLWLRQVDQGEXFNOLQJVKDSHIRUFDVHN DQGNZ 
6OLND5XEQLXYMHWLLREOLNL]YLMDQMD]DVOXþDMN LNZ 
 
 
)RUWKHLQWHUSUHWDWLRQVRIWKHJLYHQUHVXOWVLWLVQHF
HVVDU\ WRFRPPHQW WKH UHVXOWVRI ODWHUDOEXFNOLQJFULWL
FDOPRPHQWVRQO\ IRUFDVWHOODWHGEHDPV ILUVW DQG WKHQ
FRPSDUH WKHP ZLWK WKH FDOFXODWHG YDOXHV RI FULWLFDO
PRPHQWVIRUWKHFDVWHOODWHGDQGDSSURSULDWHSODWHJLUG
HUV
*UDSKLFDOLOOXVWUDWLRQVRIWKHDSSURSULDWHYDOXHVRI
 FULWLFDO PRPHQWV IRU FDVWHOODWHG EHDPV DUH VKRZQ LQ
)LJXUHV   DQG  ,W FDQ EH QRWLFHG WKDW PDQXDO
SURFHGXUH DFFRUGLQJ WR >@ JLYHV PRVWO\ FRQVHUYDWLYH
HVWLPDWLRQ RI WKH FULWLFDO PRPHQW H[FHSW IRU VLPSO\
VXSSRUWLQJ FDVH N   DQG NZ  ZKHQYDOXHV DUH
SUDFWLFDOO\ HTXDO EXW LW LV QHHGHG WR VD\ WKDW WKHVH
ERXQGDU\FRQGLWLRQVDUHYHU\UDUHLQSUDFWLFH)RUDOO
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RWKHUODWHUDOVXSSRUWLQJFDVHV)(0'PRGHOVJLYHODU
JHUYDOXHVZKHUHDVIRU N NZ FDVHGLIIHU
HQFHV EHWZHHQ FULWLFDO PRPHQWV DUH VPDOOHU DQG WKH\
DUHLQWKHUDQJHRIDQGIRUN NZ FDVH
WKHVH GLIIHUHQFHV DUH JUHDWHU LQ WKH UDQJH RI  
7KLV ODVW ODWHUDO VXSSRUWLQJ FDVH N    NZ    LV
KDUG WRPRGHOSUHFLVHO\DQGLQWKLVSDSHUWZRZD\VRI
PRGHOLQJDUHXVHGZKLFKJDYHDOPRVWWKHVDPHUHVXOWV
7KH ILUVW ZD\ ZDV E\ XVLQJ WKH RSWLRQ ULJLG OLQNV
ZKLFKJLYHVDSRVVLELOLW\WRVHW WKHVDPHYDOXHVRIGLV
SODFHPHQWDQGURWDWLRQVIRUDOOSRLQWVLQVSHFLILHGFURVV
VHFWLRQ)LJXUH7KHVHFRQGZD\LVWRUHSODFHWKH
 UHODWLYHO\VKRUWDUHDRIVXSSRUWLQJHGJHZLWKWKH%($0
HOHPHQWZKLFKLVDPRUHSUHFLVHZD\WRFRQWUROERXQG
DU\ FRQGLWLRQV UHJDUGLQJ ' 6+(// PRGHO *HQHU
DOO\ JUHDWHU GHYLDWLRQV DUH QRWLFHG RQ ,3( FURVV
VHFWLRQVZLWK UHJDUG WR+($FURVVVHFWLRQV7KDW FDQ
EH DVVRFLDWHG ZLWK UHODWLYH GLIIHUHQFHV EHWZHHQ JHR
PHWULFDO FKDUDFWHULVWLFV RI FURVVVHFWLRQV HODVWLF DQG
SODVWLF RI WKRVH VHFWLRQ W\SHV WKURXJK DZHE RSHQLQJ
QHWWRDQGRXWRIRSHQLQJEUXWWRZKHUHWKDWUHOD
WLRQRQ,3(VHFWLRQLVWZLFHDVKLJK
 
 
7DEOH(ODVWLFFULWLFDOPRPHQWVRIODWHUDOEXFNOLQJIRUSODWHJLUGHUVDQGFDVWHOODWHGEHDPVFDOFXODWHGXVLQJ5RERW0LOOHQQLXPDQG(XURFRGH
7DEOLFD(ODVWLþQLNULWLþQLPRPHQWLERþQRJL]YLMDQMD]DSXQRVWMHQHLVDüDVWHQRVDþHGRELYHQLKL]5RERW0LOOHQLXPDLSUHPD(XURNRG
SURSLVLPD
PLATE GIRDERS CASTELLATED BEAMS 
k = 1,0 
kw = 1,0 
k = 0,5 
kw = 1,0 
k = 1,0 
kw = 0,5 
k = 1,0 
kw = 1,0 
k = 0,5 
kw = 1,0 
k = 1,0 
kw = 0,5 CROSS SECTION 
kNm 
(&
FU0  27,92 44,56 39,55 25,72 40,87 37,87 IPE 240 )(0
FU0  27,57 46,27 44,17 26,12 44,37 42,85 
(&
FU0  43,18 68,55 64,27 39,43 62,25 61,51 IPE 300 )(0
FU0  42,55 69,03 71,52 40,25 66,12 69,48 
(&
FU0  63,89 101,58 93,82 58,78 93,00 90,02 IPE 360 )(0
FU0  63,06 103,05 104,86 59,77 98,85 101,93 
(&
FU0  118,44 185,06 201,82 114,89 179,17 199,42 HE 220A )(0
FU0  115,33 189,08 225,11 111,93 184,50 221,94 
(&
FU0  169,23 264,42 288,72 165,26 257,82 286,02 HE 260A )(0
FU0  164,29 268,95 322,26 159,08 262,88 318,09 
(&
FU0  235,96 368,83 401,43 229,73 358,47 397,21 HE 300A )(0
FU0  229,68 377,95 448,57 223,55 369,42 442,71 
 

)LJXUH&ULWLFDOPRPHQWVRIFDVWHOODWHGEHDPVIRUERXQGDU\FRQGLWLRQVN DQGNZ 
6OLND.ULWLþQLPRPHQWL]DVDüDVWHQRVDþH]DUXEQHXYMHWHN LNZ 
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
)LJXUH&ULWLFDOPRPHQWVRIFDVWHOODWHGEHDPVIRUERXQGDU\FRQGLWLRQVN DQGNZ 
6OLND.ULWLþQLPRPHQWL]DVDüDVWHQRVDþH]DUXEQHXYMHWHN LNZ 
 

)LJXUH&ULWLFDOPRPHQWVRIFDVWHOODWHGEHDPVIRUERXQGDU\FRQGLWLRQVN DQGNZ 
6OLND.ULWLþQLPRPHQWL]DVDüDVWHQRVDþH]DUXEQHXYMHWHN LNZ 
 
 
1H[WVWHSLVFRPSDULVRQRIWKHFULWLFDOPRPHQWVIRU
WKH FDVWHOODWHG DQG DSSURSULDWH SODWH JLUGHUV )LJXUH
DQG*HQHUDOO\ZHFDQFRQFOXGHWKDWWKHUHLV
D YHU\ JRRG FRUUHVSRQGHQFH EHWZHHQ WKH UHVXOWV IRU
FDVWHOODWHG DQG SODWH JLUGHUV LQ UHODWLRQ WR WKH DSSOLHG
PHWKRGRIFULWLFDOPRPHQWVFDOFXODWLRQVPDQXDODF
FRUGLQJ WR >@ RU IURP)(0PRGHOV$OVR LW LV VKRZQ
WKDW GLIIHUHQFHV LQPRPHQWV IRU FDVWHOODWHGDQGDSSUR
SULDWHSODWHJLUGHUVDUHUHODWLYHO\VPDOODQGWKH\DUHIRU
WKHEHDPVZLWK,3(VHFWLRQVLQWKHUDQJHRIZKLOH
IRU WKH EHDPVZLWK+($SURILOHV VWLIIHQHU DERXWPL
QRUD[LVWKH\DUHHYHQVPDOOHUDQGWKH\DUHPD[
7KHUHVHDUFKUHVXOWVVKRZWKDWLQIOXHQFHRIWKHZHE
RSHQLQJVLVUHODWLYHO\VPDOOIURPWKHDVSHFWRIWKHDQD
O\]HGSUREOHP7KHUHVHDUFKUHVXOWVILWZHOOLQWR
 SUHYLRXVO\SXEOLVKHGUHVHDUFKHV>@
$JRRGLOOXVWUDWLRQLVH[DPSOHRIILFWLYHFRQILJXUD
WLRQFDVWHOODWHGEHDPVVKRZQLQ)LJXUH7KLVILJXUH
VKRZV YDULDWLRQ RI ORDG LQWHQVLW\ FULWLFDO IDFWRU NFU IRU
YDULRXVFDVWHOODWHGEHDPVPDGHRI ,3(SURILOH IRU
ZKLFKZHERSHQLQJVDUHSURJUHVVLYHO\LQFUHDVHG6WDUW
LQJ PRGHO LV SODWH JLUGHUV IRU ZKLFK ZHE RSHQLQJ LV
HTXDO WR ]HUR DQG ILQDO FDVH LV WKH PRGHO RI ILFWLYH
EHDPZLWK WZRRSHQLQJVZKLFKDUHVWUHWFKHGDORQJWKH
ZKROHKDOIVSDQ%HVLGHWKHEHDPVZLWKSRO\JRQDOKH[
DJRQDOZHERSHQLQJV WKHEHDPVZLWK UHFWDQJXODUZHE
RSHQLQJVDUHDOVRDQDOD\]HG(YHQKHUHLOOXVWUDWHGH[DFW
H[DPSOH RI EHDP VKRZV WKH JHQHUDO WUHQG ,Q WKH GLD
JUDP WKH DUHDZKLFK(&GHILQHV DVPD[LPXPDOORZHG
ZHERSHQLQJWKHZLGWKLVVKDGRZHGH[SUHVVLRQ
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,Q WKH GLDJUDP LW FDQ EH VHHQ WKDW LQ WKLV DUHD GLIIHU
HQFHV EHWZHHQ FULWLFDO PRPHQWV DUH QHJOLJLEOH HVSH
FLDOO\IRUWKHEHDPVZLWKSRO\JRQDOZHERSHQLQJV
 ZKLFK KDYH JUHDWHU ODWHUDO EXFNOLQJ UHVLVWDQFH WKDQ
WKRVHZLWKUHFWDQJXODUZHERSHQLQJVEHWWHUUHVWUDLQV
FRPSUHVVHGWHH
 
 

)LJXUH&ULWLFDOPRPHQWVRIODWHUDOEXFNOLQJIRUSODWHJLUGHUVDQGFDVWHOODWHGEHDPVFDOFXODWHGXVLQJ5RERW0LOOHQQLXPN DQGNZ 
6OLND.ULWLþQLPRPHQWL]DVDüDVWHLSORþDVWHQRVDþHGRELYHQLQDPRGHOLPDX5RERWX0LOOHQQLXP]DUXEQHXYMHWHN LNZ 
 

)LJXUH&ULWLFDOPRPHQWVRIODWHUDOEXFNOLQJIRUSODWHJLUGHUVDQGFDVWHOODWHGEHDPVFDOFXODWHGXVLQJ5RERW0LOOHQQLXPN DQGNZ 
6OLND.ULWLþQLPRPHQWL]DVDüDVWHLSORþDVWHQRVDþHGRELYHQLQDPRGHOLPDX5RERWX0LOOHQQLXP]DUXEQHXYMHWHN LNZ 
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
)LJXUH&ULWLFDOPRPHQWVRIODWHUDOEXFNOLQJIRUSODWHJLUGHUVDQGFDVWHOODWHGEHDPVFDOFXODWHGXVLQJ5RERW0LOOHQQLXPN DQGNZ 
6OLND.ULWLþQLPRPHQWL]DVDüDVWHLSORþDVWHQRVDþHGRELYHQLQDPRGHOLPDX5RERWX0LOOHQQLXP]DUXEQHXYMHWHN LNZ 
 

)LJXUH$OWHUDWLRQRIFULWLFDOIDFWRUVNFUIRUGLIIHUHQWFRQILJXUDWLRQFDVWHOOWHGEHDPV
6OLND3URPMHQDNULWLþQLKNRHILFLMHQWDNFU]DUD]OLþLWHNRQILJXUDFLMHVDüDVWLKQRVDþD
 
 
5 
Conclusion 
Zaključak
,Q WKLV SDSHU WKH UHVHDUFK LQWR WKH FDVWHOODWHG EHDPV
VWDELOLW\ IURP WKH DVSHFW RI WKH ODWHUDO EXFNOLQJ UHVLV
WDQFHLVGHVFULEHGIRUZKLFKQHZ(XURFRGHVXJJHVWV
 VLPSOLILHG ODWHUDO EXFNOLQJ UHVLVWDQFH YHULILFDWLRQ 7KH
VXJJHVWHGPHWKRG IRU ODWHUDO EXFNOLQJ YHULILFDWLRQ FDQ
EHSHUIRUPHGDVZHOO DV WKHPHWKRG IRUVWDQGDUGSODWH
JLUGHUV EXW ZLWK UHGXFWLRQ RI JHRPHWULFDO
FKDUDFWHULVWLFV RI FURVVVHFWLRQ VR WKDW JHRPHWULFDO
FKDUDFWHULVWLFV RI FURVVVHFWLRQ WKURXJK RSHQLQJV
VKRXOGEHXVHGLQYHULILFDWLRQ
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7KHUHVHDUFKUHVXOWVVKRZWKDWZHERSHQLQJVRIWKH
FDVWHOODWHG EHDPV KDYH OLWWOH LQIOXHQFH RQ GHWHUPLQLQJ
RI0FU9DOXHVRIODWHUDOEXFNOLQJFULWLFDOPRPHQWVRE
WDLQHG RQ ' )(0 PRGHOV GHSHQGLQJ RQ ODWHUDO
ERXQGDU\FRQGLWLRQVJLYHSUDFWLFDOO\WKHVDPHRUDOLW
WOH KLJKHUYDOXHV XS WR LQ UHODWLRQ WR PDQXDO
FDOFXODWLRQPHWKRG
,W LVYHU\LQGLFDWLYHWKDW WKHSDUDOOHO)(0DQDO\VLV
RI WKH FDVWHOODWHG DQG DSSURSULDWH SODWH JLUGHUV VKRZV
WKDW GLIIHUHQFHV LQ REWDLQHG ODWHUDO EXFNOLQJ FULWLFDO
PRPHQWVDUHSUDFWLFDOO\QHJOLJLEOHXSWRPD[VR
LW FDQ EH FRQFOXGHG WKDW WKH VLPSOLILFDWLRQ RI FULWLFDO
PRPHQWVZKLFKFDQEHFDOFXODWHGLVWKHVDPHDVWKDWRI
WKHFULWLFDOPRPHQWVIRUVWDQGDUGSODWHJLUGHUVEXWWDN
LQJLQWRFRQVLGHUDWLRQJHRPHWULFDOFKDUDFWHULVWLFVRIWKH
FURVVVHFWLRQ WKURXJK RSHQLQJV 7KLV PHWKRG JLYHV
JRRGHVWLPDWLRQRIFULWLFDOPRPHQW7KH,3(RUVOHQGHU
EHDPVZKHUHWKHUHODWLRQQHWWRDQGEUXWWRRIFURVV
VHFWLRQJHRPHWULFDOFKDUDFWHULVWLFVLVVRPHZKDWKLJKHU
JLYH VRPHJUHDWHUGHYLDWLRQZKLOHGHYLDWLRQRQ+($
SURILOHVLVSUDFWLFDOO\QHJOLJLEOH
8VLQJ FRPSOH[ ' )(0 PRGHOV RI FDVWHOODWHG
EHDPVLWLVSRVVLEOHWRGHWHUPLQHODWHUDOEXFNOLQJUHVLV
WDQFHRIFDVWHOODWHGEHDPVPRUHSUHFLVHO\,WFDQEHDF
FRPSOLVKHG E\ YDULDWLRQ RI UHOHYDQW SDUDPHWHUV VWDQ
GDUG VXSSRUWLQJ FRQGLWLRQV ODWHUDO VXSSRUWLQJ FRQGL
WLRQV GHWDLOHGPRGHO RI EHDPJHRPHWU\ZLWK SRVVLEOH
WUDQVYHUVHVWLIIHQHUVDQGLQWHUPHGLDWHVXSSRUWLQJDORQJ
VSDQ LQWURGXFLQJ SRVVLEOH JHRPHWU\ DQG PDWHULDO LP
SHUIHFWLRQVYDULRXVORDGFRQGLWLRQVHWF6RLQWKHQH[W
UHVHDUFKHV )(0 PRGHOV RI FRQWLQXRXV EHDPV FDQ EH
PDGHZLWK YDULRXV ODWHUDO VXSSRUW FRQGLWLRQV DQG ORDG
W\SH
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